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Introduction
The 1.5-to 2.4-fold increase in relative risk for coronary heart disease associated with physical inactivity is comparable to the risks associated with hypercholesterolaemia, hypertension or smoking [1] . The estimated costs of diseases associated with physical inactivity in the United States are $76 billion annually [2] . Physical activity (PA) is an accepted preventive approach for cardiovascular disease and for managing selected cardiovascular risk factors [3] . In previous studies, groups with the lowest levels of PA, assessed by various methods, were at greatest risk for cardiovascular disease [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . However, once cardiovascular disease is present, there is little information on the effectiveness of PA for the prevention of cardiovascular outcomes. To our knowledge, there are no data in the literature from patients with hypertensive left ventricular hypertrophy (LVH) that relate PA to cardiovascular morbidity/mortality. The Losartan Intervention For Endpoint reduction in hypertension (LIFE) study provided one of the first opportunities to study the relationships between PA at baseline and cardiovascular outcomes and new-onset diabetes in a large, well-conducted endpoint trial that enrolled patients with significant cardiovascular pathology.
Methods
The LIFE study was a prospective, multinational, double-blind, randomized clinical trial that examined the effects of losartan-compared with atenolol-based antihypertensive treatment in 9193 patients with hypertension and electrocardiographic (ECG) LVH. The study design, patient characteristics and results have been published [17] [18] [19] . In short, patients aged 55-80 years with ECG-LVH and with trough diastolic blood pressure 95-115 mmHg and/or systolic blood pressure 160-200 mmHg after 2 weeks of placebo treatment were eligible for participation in the study. Patients with medical conditions requiring specific treatment with an angiotensin-converting enzyme inhibitor, angiotensin receptor blocker or beta-blocker were excluded from the study, as were patients with history of stroke or myocardial infarction within 6 months prior to the start of the study or with left ventricular ejection fraction of 40% or less. Eligible patients (n ¼ 9193) were randomized to losartan or atenolol and matching placebo. The titration scheme was as follows: step 1, study drug 50 mg; step 2, study drug 50 mg plus hydrochlorothiazide (HCTZ) 12.5 mg; step 3, study drug 100 mg plus HCTZ 12.5 mg; step 4, study drug 100 mg plus HCTZ ‡25 mg or addition of other antihypertensive agents (excluding angiotensin-converting enzyme inhibitors, angiotensin receptor blockers or beta-blockers). Target blood pressure was less than 140/90 mmHg. Patients were included between June 1995 and April 1997 and followed for a mean of 4.8 years.
The primary end-point was a composite of cardiovascular death, nonfatal and fatal stroke, and nonfatal and fatal myocardial infarction. All end-points were adjudicated by an expert end-point classification committee. New-onset diabetes was assessed using WHO criteria [20] in the 7998 patients who did not have diabetes at baseline [21] . Quality of life was assessed using a visual analogue scale on which patients responded to the following prompt: 'Below is a scale from 0 to 100. On this scale, 100 is equivalent to the best imaginable health state and 0 is the worst imaginable health state. Please mark with an X where on the scale you would place your present health state'.
Patients reported their level of PA at baseline and at the end of follow-up as (i) never exercise, (ii) exercise £30 min twice per week or (iii) exercise >30 min twice per week. Patients were instructed to select one of these categories that best described their exercise habits. Mild (e.g. walking) or more strenuous exercise was applicable. In the present analyses, data were stratified according to these three groups of exercise level.
All patients provided written informed consent, and the protocol was approved by all relevant ethical review committees.
Data management and analysis were performed using SAS version 8 (Cary, NC, USA) software. Events were analysed using the intent-to-treat approach. Hazard ratios (HRs) for outcomes were assessed using Cox regression analysis with and without E. Fossum et al.
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Physical activity and outcomes adjustment for baseline current smoking (yes/no), alcohol intake (yes/no), gender, age and race (white, black and other), degree of LVH by Cornell voltageduration product and Sokolow-Lyon criteria (measured as continuous variables), and the Framingham risk score [age, gender, total and high-density lipoprotein (HDL) cholesterol, systolic blood pressure, smoking, diabetes and LVH] [22] . The never-exercise group was assigned an HR of 1. Kaplan-Meier curves were generated for the primary composite end-point and its components and depict unadjusted rates. All tests were performed at two-sided 5% significance levels.
Results
Of the 9185 patients with PA data available at baseline, 51.8% exercised >30 min twice per week, whilst 26.2% exercised £30 min twice per week and 22.0% never exercised ( Table 1 ). The baseline characteristics amongst the PA groups are shown in Table 1 . There were significantly higher proportions of women, smokers, obese patients, and patients with diabetes and signs of reduced renal function at lower PA levels. Moreover, patients who did not exercise had a history of significantly more cardiovascular disease. There were significant trends to higher quality-of-life score and lower heart rate with higher PA level ( Table 1 ). The groups had comparable values for Framingham risk score. Levels of serum uric acid, sodium, potassium and urine creatinine, and number of subjects with a medical history of peripheral vascular disease, atrial fibrillation or isolated systolic hypertension (data not shown) did not differ amongst groups.
Study drug distribution (data not shown) was similar amongst the PA groups.
The reductions in blood pressure and heart rate were clinically similar amongst the PA groups (systolic blood pressure reduced 29-31 mmHg, diastolic blood pressure 16-17 mmHg and heart rate 5 beats per minute). The concomitant use of aspirin (21% in all groups) or statins (5.8-6.9%) were not statistically different amongst the PA groups.
The unadjusted and adjusted HR (Table 2) and Kaplan-Meier curves ( Fig. 1) illustrate that patients exercising >30 min twice per week experienced significantly lower rates of the primary composite end-point and its components of cardiovascular death, stroke and myocardial infarction (P for myocardial infarction ¼ 0.037 unadjusted; P ¼ 0.068 adjusted) compared with those who never exercise. The risk for cardiovascular death (P ¼ 0.017 unadjusted; P ¼ 0.062 adjusted) and all-cause mortality (P ¼ 0.013 unadjusted; P ¼ 0.085 adjusted) tended to be intermediate in the £30 min twice per week group compared with the never-exercise group. Risks for stroke and the primary composite end-point were not significantly different between the £30 min twice per week and never-exercise groups in the unadjusted and adjusted analyses. By subtracting cardiovascular deaths from all-cause deaths, there was a modest but not significant (P ¼ 0.28) trend towards fewer noncardiovascular deaths with higher levels of exercise. Analyses additionally adjusted for available baseline body mass index, serum creatinine, urinary albumin/ creatinine ratio and cardiovascular disease data (22.8-28 .6% of the subjects as specified in Table 1 ) were consistent with those described above. A separate gender analyses (Table 2a ,b) showed the same trend as described above with lower end-point rates amongst the physically active subjects. However, the absolute end-point rate per 1000 years of follow-up was clearly higher amongst the males compared with the females.
The risk of new-onset diabetes was decreased by 36% (P < 0.001) in the patients who exercised >30 min twice per week compared with the patients who never exercised (Table 3) , and was similar and consistent after additional adjustments for available baseline body mass index, serum creatinine, urinary albumin/ creatinine ratio and cardiovascular disease data. The risk reduction was not significantly different between the two treatment groups (data not shown). The risk reduction was not significant for the £30 min twice per week compared with the never-exercise group. A separate gender analyses (Table 3a ,b) showed a trend similar to that described above with higher absolute event rates amongst males compared with females. ALAT, alanine aminotransferase; HDL, high-density lipoprotein. Values are mean (SD) unless otherwise noted. Categorical variables were assessed with a chi-square test. Continuous variables were assessed with anova, except for urine albumin and urine albumin/creatinine, which were assessed with a test of medians. Quality of life index was measured on a visual analogue scale from 0 to 100, where 0 was the worst and 100 was the best quality of life. The distribution of patients amongst the PA categories at baseline and at the end of follow-up was similar in the losartan and atenolol treatment groups (data not shown). There were no interactions between treatment and exercise for the primary composite end-point or its components. The reported level of muscular side effects was low (data not shown) and not different between the two drugs. 
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Discussion
Our data suggest that a modest level of PA (>30 min twice per week) in patients with hypertension and LVH in the LIFE study was associated with significant reductions in risks for the primary composite end-point and its components of cardiovascular death, stroke, and myocardial infarction, and also all-cause mortality and new-onset diabetes.
Although it is accepted that PA reduces risks for cardiovascular events and new-onset diabetes, agreement about the level of PA (frequency, intensity, duration) has not been established because study results of the effects of PA for hypertension, coronary heart disease, stroke, and cardiovascular and allcause mortality have been inconsistent [4] [5] [6] [7] [8] [9] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] . An important finding in this study is the substantial benefit demonstrated with very modest PA. The American Heart Association [3] and the American College of Sports Medicine [23] recommend 30 min or more of moderate-intensity primarily aerobic PA on most (preferably all) days of the week for reducing the risk associated with hypertension. Although we do not know the median activity level in our PA categories, the level of PA that was found to result in best reduction in risk for cardiovascular events in our analysis can be assumed to be lower than recommended.
Several studies have evaluated the effect of PA in presumably healthy subjects [4, 7, 10, 15, 24] or looked into intermediate end-points [3, 24, 25, [36] [37] [38] . In contrast, the present analysis was conducted in older patients with significant cardiovascular pathology. Because of the severity of hypertension in this population, and the presence of LVH and other concurrent risk factors, major cardiovascular events occurred in the LIFE study at rates that were substantially higher than most studies that have examined the preventive impact of PA. Despite similar study drug dosages, heart rates and blood pressure control amongst the three PA categories in this analysis, patients in the highest PA level group (>30 min twice per week) experienced significantly lower rates of events compared with the lowest (never-exercise) and middle (£30 min twice per week) groups. The level of PA in the three groups did not modify blood pressure or heart rate responses to intensive antihypertensive treatment. Moreover, there were no interactions between treatment and exercise. Thus, randomization to a beta-blocker did not cause a change in exercise level when compared with the losartan group.
Several studies looking into the effect of PA have been performed in men only [4, 6, 7, 9-11, 13, 16, 27, 31, 33, 35, 39] . Low physical fitness has been associated with higher levels of all-cause mortality in women [14] . In the present analyses, the protective effect of exercise was present both in men and women, both for cardiovascular end-points, all-cause mortality and new-onset diabetes. However, the differences were not statistically significant for all subgroups (stroke and myocardial infarction), most probably due to the lower number of subjects and thus statistical power in these sub-analyses. The absolute end-point rate per 1000 years of follow-up, however, was clearly higher amongst males than females.
Regular aerobic exercise reduces the risk of new-onset diabetes [36-38, 40, 41] , and exercise training has been shown to improve insulin action and glucose tolerance in patients with impaired glucose tolerance and type 2 diabetes [37] . There are reduced risks for cardiovascular disease, cardiovascular death and all-cause death in men with type 2 diabetes who exercised [39] . In the present analyses, we also observed a similar pattern in a hypertensive high-risk population. The difference was still significant after adjustment for body mass index and other baseline variables.
There are some limitations to this analysis. In contrast to most studies looking into the effect of PA, the present analysis was based on self-reported activity level and not objectively measured fitness. We are unable to quantify the level (e.g. METS) or type of PA reported in this study. The ranges within the PA categories, especially the highest level, may be quite broad; however, we do not expect that this population of patients aged 55-80 years with hypertension and LVH would have exercised to an extent that would have significantly increased the median exercise level in the >30 min twice a week group. Moreover, patients may have been self-sorted based on their underlying health and function so that higher exercise may not have been the cause of the observed benefits, but may have been a marker of better health. We are unable to assess whether unmeasured behavioural covariates may have contributed to our findings. A strength of our findings is that adjusting the analysis for baseline smoking status, alcohol consumption, gender, age, LVH and Framingham risk score did not influence the statistical significance for the primary composite end-point. Importantly, this was a large, well-conducted end-point trial that included careful adjudication of each reported end-point.
A modest level of self-reported PA (>30 min twice per week) in patients with hypertension and LVH in the LIFE study was associated with significant reductions in risk for the primary composite endpoint and its components of cardiovascular death, stroke and myocardial infarction, and also all-cause mortality and new-onset diabetes.
